OBJECTIVES The goal of this study was to determine the functional impact of paradoxical low-gradient aortic stenosis (PLGAS) and clarify whether the relevance of the valvular obstruction is related to baseline flow.
METHODS
STUDY POPULATION. The study protocol was approved by the local institutional review board, and all subjects provided written informed consent. We studied 20 consecutive patients in sinus rhythm with exertional dyspnea (New York Heart Association functional class higher than class I), AVA <1 cm 2 (indexed AVA <0.6 cm 2 /m 2 ), mean transvalvular pressure gradient <40 mm Hg, and ejection fraction >50%. Exclusion criteria were as follows: known or suspected ischemic heart disease, moderate or severe mitral valve disease or aortic regurgitation, pulmonary hypertension (baseline estimated pulmonary systolic arterial pressure >50 mm Hg), chronic obstructive pulmonary disease, uncontrolled hypertension (cuff systolic blood pressure [SBP] or diastolic blood pressure >150 and 90 mm Hg, respectively), and inability to exercise on a cycle ergometer. The study group consisted of mostly elderly female patients ( Table 1) . Seventeen patients were taking antihypertensive drugs.
STUDY PROTOCOL. Five to 7 days before the exercise test, patients underwent clinical and echocardiographic enrollment examinations to ensure blood pressure control and to re-evaluate aortic valve Pérez del Villar et al.
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The following composite variables were estimated by the linear mixed effects fitting from the instantaneous exercise data obtained for each patient.
Valve compliance, designating the capacity of increasing AVA, was obtained as the slope of the AVA versus flow rate relationship (cm 2 per ml/s) (14) . The SVI slope, defined as the capacity to increase SV during exercise, was calculated as the linear slope of SVI versus VO 2 (ml/m 2 per ml/kg/min). This slope has
shown to be flat in classical "high-gradient" severe AS (5-9). The PCWP slope was obtained as the PCWP versus VO 2 relationship (mm Hg per ml/kg/min).
The SVRI slope and the SACI slope, respectively, account for the capacity of the systemic arterial tree to lower its resistance and increase compliance during exercise; they were measured as the linear SVRI versus VO 2 (dyn$s/cm 5 /m 2 per ml/kg/min) and Table 2) . Low-flow (SVI <35 ml/m 2 ) was present in 10 patients.
AGREEMENT (Figures 4 and 5) . Again, there were huge individual variations in these slopes (range -0.49 to 11.14 ml/m 2 per ml/kg/min).
Pulmonary pressures and PVRI increased linearly during exercise ( Figure 4 , Table 2 ). PCWP reached shown at baseline, at the 50% increase from baseline to peak oxygen uptake (VO 2 ) (low VO 2 ), and at peak VO 2 . Boxplots show the median (black thick lines), the 95% confidence interval for the median (waist), the 25 and 75% quartiles, and distribution limits without outliers
(vertical lines).
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Functional Significance of Low-Gradient AS The individual response group is shown by the green line. The average response for the full sample is shown by the red dotted line.
Abbreviations as in Figures 1 and 2 .
Functional Significance of Low-Gradient AS patients. Fifth, we were unable to find functional differences among patients with normal-flow PLGAS and low-flow PLGAS.
FUNCTIONAL SIGNIFICANCE OF PLGAS. Valve compliance allowed a relatively large effective area opening at peak stress (14) . By acutely lowering afterload, the combined effects of enlarging area and increasing SAC facilitate raising SV during exercise.
Consequently, blood pressure can rise despite the fact that systemic vascular resistance drops due to exer- Table 2 ). However, in our study, patients underwent submaximal exercise, with SV not reaching a plateau. Thus, a relatively large increase in Fick-derived SV during the second exercise phase resulted in relatively small changes in SvO 2 and heart rate despite large increases in VO 2 . This finding is somewhat paradoxical, and we cannot exclude a certain degree of error in the estimation of reference SV at peak VO 2 . However, we did our best to ensure maximal quality signals 
CONCLUSIONS
In these study patients with PLGAS, combined ultrasound and invasive hemodynamic techniques found that AVA was highly dynamic and flow dependent. Functional Significance of Low-Gradient AS J A N U A R Y 2 0 1 7 : 2 9 -3 9
